The α-decay and spontaneous fission (SF) half-lives of nuclei around 270 Hs are calculated with formulas derived from the systematics of data and theoretical results. The coefficients of the systematics result from the fit of half-lives in respect with the reaction energies Q α , the height of the SF barrier f B and the fissionability 2 / Z A . The calculated partial and total half-lives are compared with the data and the results of other approximations. Half-life predictions are made for many unknown nuclei.
INTRODUCTION
New developments of experimental techniques have provided both from inbeam and decay studies new data on fusion-evaporation reactions leading to superheavy nuclei (SHN), their nuclear properties and structure. Thus, the isotopes of elements with Z=104-112 (Rf, Db, Sg, Bh, Hs, Mt, Ds, Rg, Cn) have been successfully synthesized at GSI-Darmstadt, in cold-fusion reactions, or observed as daughter products in long α-decay chains [1] . The synthesis of element Z=113 in the reaction has been first produced at RIKEN, Japan [2] . Many isotopes of the elements with Z=113-118 has been synthesized at JINR-FLNR Dubna, in hotfusion evaporation reactions with the 48 Ca beam and heavy actinide targets [3] . In more recent experiments with an improved detection technique, α-decay has been successfully used to investigate reactions involving ground, excited and isomeric states of SHN. The known data on these states, energy level schemes, and the structure are included in [4] .
The doubly magic nucleus 270 Hs was produced and studied in several reactions [5] [6] [7] [8] [9] [10] [11] . Essentially, most of the knowledge about the basic properties of SHN is based on the observation of two main decay modes: α-decay or spontaneous fission (SF). There is also an impressive theoretical activity for the interpretation of the available data, the detailed studies of competing decay modes, energy levels and the shell structure.
OUTLINE OF CALCULATIONS
Within the framework of the shell-model rate theory [12, 13] the α-decay half-lives have been obtained in terms of the α clustering and resonance scattering amplitudes given by self-consistent models for the nuclear structure and reaction dynamics. It was proven that the systematics of calculated half-lives well reproduces the systematics of available experimental data. From the systematics of calculated shell-model half-lives has resulted a practical formula the α-decay halflives of SHN: 
is the released energy including the kinetic energy of fragments and the screening energy. The SF of nuclei is a rather complicated process and hence the most realistic estimations of the SF half-lives are based on the search for the last action path in the multi-dimensional deformation space. For simplicity, in this work we use for the SF half-life the relation [16] 
Parameters of a such systematics were fitted [16] to existing experimental data and also the realistic theoretical predictions for the region 100 ≤ Z ≤ 120 and 140 ≤ N≤ 190. T is observed in most cases. Our results for the α and SF half-lives are in a good agreement to the available data and also with previous theoretical predictions [12, 13] and [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
RESULTS AND DISCUSSION
The α decay chains from newly discovered element Z=117 have in fact received a lot of attention in recent studies based on different models such as the shell model rate theory [13, 14] , the Coulomb and proximity potential model for deformed nuclei [23] [24] , or generalized-density dependent cluster model [25] in which the calculated results are generally consistent with each other.
If comparing in Table 1 and Fig. 1 the total There are small uncertainties ~(0.01-0.05) MeV in the measured α-decay energies, and possible large theoretical uncertainties in the calculated α-decay energies [14, 15] and in the underlying single-particle structure of the shell model [13] . The rms values in Eq. (1-3) are clearly connected with pairing properties affect moderately the predicted half-life and they represent only a secondary source for the uncertainties. Achieving better agreement with the experimental α-data will require to reduce significantly all these uncertainties.
The fusion and the α-decay of superheavy elements have been successfully treated with the two center shell model in a wide range of mass asymmetries [28] [29] [30] . Deep insight into physics of fusion-fission processes can be obtained from the capture of the α-particle by the nuclei [31] .
The above results suggest that the logarithm of the half-life of these decay modes depends exponentially on
and on the powers of the parameter 2 Z /A, respectively. The analysis of uncertainties in the prediction of reaction energies, the position of the one and two-neutron and the one and two-proton drip lines has recently attracted great interest because of the possibility to estimate the number of "stable" isotopes of a given element. Table 1 Experimental and calculated α-decay energies, total and partial α and SF half-lives for isotopes of elements with Z=104-112 and N=158-166. 
SUMMARY AND OUTLOOK
We have presented a general framework to calculate the rates for α-decay and SF half-lives using the models for the structure and reaction mechanisms. Our attempts to correlate the decay data with theoretical expectations have been successful in: i) the deducing formula for rates from the systematics of decay data and theoretical results; ii) extrapolations of some reaction energies to neighboring nuclides; iii) new half-life predictions for almost complete series of isotopic and isotonic sequences around the doubly magic closures Z=108, N=162 at Hs 270 .
The present systematic study of decay properties in long sequences of nuclides across the major shell closures Z=108 and N=162 provides a new stringent test of our theoretical understanding of the nuclear structure at the limits of stability.
